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I. iKmmxms /urn mimmm 

A# Ittt«rprvtailc« moA Frodietlan of SoMnolr rarforsMUBOO 

An BM&ljpitiB of the perlbxneoce of m prodeoiag petroleuB rMwnroir la 
the t«aia m id&ldb the IteiwTVolr Snsineer fdU neke hla recowmndatioaa for a 
prcxSiftetloR }m»grMn that will the opUaMa eeonoRle retem* Hia eoal^Ble 
will be baaed vptaa hla kxxwlodee ana vnderatandlns of the affect of the 
llthol(^ of the reeervoir rock^ tho chaorecteriatlca of the reeervo:)ur fXalda 
and tho fbreot ehlah aet to aspeX or prodace the reaemo ir flulde. 

Oae of the baele tooXa evallahXe to Itaaorvolr BoglJMer la the 
aatearlal baXanee equation developed Schilthola^^ and acKilfieatio&a ttieroto. 
Thia iait«ertal beXac<»2 aq;aatlcai of SdtllUaxia* la ao derived that it can aoocunt 
for may ena^ or my conhinatlon of tho three coapooaRta^ oll» gaa and lottery 
tliat ooGuplea the pore epaee of the reeervoir* With proper «aa of thia 
aquation, the perforsaaoee of a reaervoir oac be iRter^svttod and predicted. 

The Xlterataro ocaitidne anOh iafOraatlon on tlio aae of the aateriaX baXaaoo 
equatdoR in the aneXTaia of reaervoir perforaenco. ^aeh anaX^a la tawany 
aoeoapenlad by a aarlea of charta and grapha to Hlsatrate the of 

the reaervoir* It la aetady howcvcsTy that theee charta mad gxepha deal only 
Kith tho viriailcm of two eoopoaantay ahlle ttie third oenpo;ient la ipsorad or 
oonaldered to be ccnatant. 

The puzpoae of thia paper la to pr o aa wt a nev eiKt difforent Method of 
inteipratlng the porfoxmnee of a prodoclx^ petroXam ro eer vo lr Xy deveXe^ire 
a noana ef lllaatratine tho mrimtiiom of the three coaponania idanXtanocoaXyy 
or in other wonhiy to praaant a viaoaX repreaantatlon of the antorlal balon^* 
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S* The Bultdoc 

Slaply * nAt«ri«X telwwi i» htmi on tb« prml** th»t the 

•csottnt origineXl^ pretont BRUt equal the atm of the aaaoont rworod and the 
ancmni roaai&iag* To obtain a MtexiaX balance in the oaae of the petroXeura 
reeenfoir^ it ia neeeeaaiy te det«raine the original voluae of each of the 
fluid eonpononta that oeeopied the virgin x"Mervoir void apaoef aeaaure the 
voXune of each of the coaqxmenta that haa been produoed, and oalouXate the 
voXtaae of ea<di of the ooa^onenta retaaining in the reaearvoir. 

!H)e void apace in the petroXeua reaervoir ia occv^iad bjr the three 
coapomntSf oiX» gaa and tmter^ that aaiat be accounted for in the aateriaX 
baXance. Tho vater exiata aa a Xiquid bath in the rwervoir ai»S at the aorfhoe, 
and ita veXuaa changaa onlj a negXigibXe anount idion it deocwpreaaea from 
rc a arro ir praaaura to aorfaee preaauzvi. Tha oiX in the maorvoir will contain 
diaaoXvod gaa. Aa thia oil and diaaoXvad gaa ia produced^ the gaa will evolve 
aa tha preaaure reda<»a from reaervoir preaaure to aorfaee preaaure* The gaa^ 
idien ia the reaervoir, aagr exist In two distinct atateat aa free gas under 
eosprMaion, and aa gaa diaaoXved ia tha oil. Aa the reeenroir produoMi, the 
preeaure on the produced fXnida drop# fro« reaervoir preaaure to aorfaee preaaure, 
diaaoXvad gaa oeaaa out of aoXotion in tha produced oil and joins any free gas 
prodtto<^. All produced gaa under surface preeeure oceespiea a au<di larger voXuae 
than it ocoupied undar reaervoir preaaure. In tha davaXopaeot of the aaterlaX 
balence for thia paper, it la iaportant that careful diatinetion ba aade betwaan 
free gaa and diaaoXvad gaa, and that the voXuaaa of all cooponenta mtariag into 
thia aatarlal balanee be Mpreaaed in the eaae unite and at reaervoir c^wHtiona 
of preaaure and teaperature. 
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C« Th« DrlTls^ n0dumimm 

7^ ilMidf ia th« r — T f o lr «ro prodM*»d or «KstelX«d from ttw rMMrvolr 
bgr <MM or * oodbination of tbroo driviae nochmiaMt iMt«r drltrai, dlMoXv«a 
or doplotioo drlTt> mad mKpmadLas, gMh'Ct^ or oocrogation drive. In «U 
throo MdaMilMi ihm drlvlns foroo acta >ih«a th«ro la a praaaaro diffareatial 
within tba roaortoir. 

Vatar drlva oecnrs whan thara ia adgo-watmr ancroadaunt daa to 
artaalan flow or axpanal^ of tha vatar oo deooaproiKlon. 

Diaaelirad gaa or daplation drive ocoara vban giui cowing oat of aolutlon 
in tha oH^ dno to rodnetion in raa^^rvoir praaauroi aiq;>ai;ida and dii^laeaa tho 
raaarvoir fXuida. 

Expandiag gaanw^ or eagragation drive oecera vhcnj^ upon radnetioQ of 
raaarvoir preaeore^ tha cxpanaion of the free gaa in the gae->cai> dia p la e ae the 
raaarveir flalda luring balow the gaa>oil Intarfaoe in the reaervoir. 
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II. Butmm: 07 m rnmimt 

Th« voixl in « prod»aias pntrsXwin zvntrvoir is usually octn^lod 
by thrao osapon«Rt*| (1) oil oad dioaolvod gM» (2) froo gao «»d (3) woior. 

A« pnxteetioa of tho ro««rvoir proeoedo, iiu> opoce vocoioii by prodttsod 
flvido Ge»t bo fiHod by olU)«r expanding fr— gas or enoxMtchiag vator^ or 
both. VhLXo the 'voltsao of the told epaeo recaains oonstent derins prckUxeticn;^ 
the reXttoe of eeoh of the eospononto idiidi ooetpies roid epaco is suh^ect 
to ehaf^e. The oil and diaaolvad gas volnaa will dooreaao as production 
procoada* If the drlvliHS atoohanlaa producing reaarvoir la a gas drive and 
there is no eater meroBxMsQ or being prodaeodj tbe free gas volvno will 
inereeae and the eater vo1\smi vill reaain cenatent. If the driving a»dhanisn 
la a eater drlvOf tho eater volene vill increase and the free gaa voXeme 
elll raaain oonatant* If tho driving eeahaaian id a oosjbinod eater and gaa 
dxdvSji than both the eater voXuae and the gaa voXusm eiXX increaao. 

The pexpoaa of thia atedy ia to develop a viaual reprcMientation of 
the perforeaece of a petrolaux roeervoir by ua« of a trlgonlc on which 

the per cent of the voliaui of void apace oee»piad by aach of tha tltraa oosapotamts 
la thorn at wy tlno by a alngXa paint, and uhare a line plotted tltrough 
afttccaaaiva points eill Indioata tha tread of production af the r e e e nre ir* 

An intezpretation of the perforaance of the raaarvoir can be aade fztea 
the trigonic plot and a prodeotloa prograa that will yield the optimm econcesic 
return than aan be planned* 
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m. nsmiymxs or tis Timiosxc ra>r as appusd to rm RsssKfoiA 
A« Advtnti^Mi and OlMuSvini*s«« oC tha THipniic Plot 

In altuttion or ooodlUoa in th« aun of thraa t«ria2>Iaaf 
<Ks>r«aa«d in tha aa«a onita^ coopriaeai tha akole^ if tha mlaoa for tuo of tha 
varia!xLaa an knaim^ tha raXaa of tlia third nriahlo h*oosu» iamidiat^ 
parent^ liaaa tha aan of tha thraa nnat alaa;^ aqual mlV <>>* par ooRt* 

Thla aituation can he illivatratad {jiaphloally by uaa of the trieonle plot. 

Tha irlganio grsqph la as eqailataral trioagla with ea«^ baae rapraaoiitlas taro 
par oant aad aaah apes repraaetztlae 100 pM* oaati of one of tha thraa coapeoanta. 
Aiqr point within tha triton will indicate tha portion of tha lihola or 
paroontaga that aa^ iiarithla oontrlbates to tha whole. 

In tha ottM of tha patrolaaa rcaarvoiry the total pora volaae of ttia 
raacmir ia tak«a at tha rtferanca baaia and ra pr aaa at a 103 par oant* Ihia 
pore Yolnna mqt ha oecuplad hy if^ «Kahlnaticm of (1) oil and diaaalvod gaa« 

(2) fm gai and (l) watar. Whan the di^rea of occnpanc^ by thaaa throo 
eonponanta la oap ra a ae d la tarne of par oant aaturation^ tha awn will equal 
100 par oant. When tha preoantasc aaturatlon i» mated to md plotted on 
tha trigania tha daerae of octKpatx^ of all three eanponanta will ho 

ra|«ws6ntad by a aia^ paint. 

The diaadvwntage of the trigonio plot la that it gives relative and 
not actual vnlaea. Additional calculationa are raqialred to reduce actual 
vnlttoo in tome of baarrala and cv&ic feat to ralativa valaaa in t<mas af par 
oaot of pore voluna. Coavaraaly» in aoalyaiiis and lot«epirwtl!3e tha trigoeic 
plot for prodiietloii or aadncstde pttrpoaafi tha relatlvo valwaa ia tame of p«r 
o«nt naat ha oonvartad into actual waluM in tame of barrala and ciMc feat. 
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&, Effeet of l^Mving !^diiania» on SA^xnutioa 

!Thore «i*« throo drlvij^ mochiniiso that tingly or in oooibimtioR 
will s3Ep«l thd rMttrvoir fluids froa th« rwwmroir into th« v«^t water 
drlvtjf dlMoIvoi gtm driwe, md aayaiidlng etuMst^ <irlv«» In ttm c««o of « 
vctfiT drivn, liao dearmf in oil and diavolwtd pui Mt^u^tion iat nado i$p Hgr 
a correai^oadine increova in ««tar aaturatlon, la tiui om« of a gas driTe, the 
daoraana in tha ell and diaaolirod gaia Mtumticn la anda a eorrai^pondins 
incraaaa in the fr— gaa aaturation. For « c o ii it i M d water and gas drlYo, tho 
daeraaaa in oil and dlaaoXvid gaa aatwraiion in laada wjp ^ an inereaaa in 5x>tiJ 
tha water aeturaticm and tho fraa gas eat»ratlosi, tha ralatiwe iacra&oc of each 
bains pr^orUofWkl to tha ralatlva nagEdtada of tha drlvias foraaa* 

To praactA a trlsonic iUaatratioa of tha affacta of driwins rnnhaniasMi 
on tiM aatwratlon of a rcaarvoir, a thooratiaal raaarroir Iwmi baan aaaonad* 

7hl» thaoratiaal r oo er vo ir baa tha foUowIns odsiaal aaturation oorxIiUon; 

Oil and Diaaolvad Oaa Sataratlon <« ^ |hk* cant 
Water (Cenaaia) Sataratlon » 20 par ooat 

Fraa Oaa (Qat Cap) Saturation * IS per cant 

Point A m fis^ra 1 rapraaaaBia tha original aeturatlon condltima of this 
thooratlcal raaarvoir cm a trlgofiic plot. 

!• Oaa rrira 

Thara are tm> typaa of £*• drlwa far producing a roa^wnreir, <wq>acdlag 
and diaaolvaci gaa driroa* la tha thooratlcal raa«r«olr^ aaa^nsing 
that no coniiata water ia prodoaed^ tha aatamtion pietura a* tho raaaraoir la 
produoad ^ a gaa drive will tha lina AB ia fl^ptro 1« Tiiat ia« ta aadi 

ooit walana of oH end diaaolTid gaa ia jarod^eaad or rofnovod froa tha ra a arro ir^ 
tha apaoa oaeuplad bgr thin unit ralmm win ba fiUad bgr fraa gaa» tha 



•ddliiloiitl fnM eta raquir*^ to oa««^y tlila ws?mim balss Mfpllod eiih«ar lay 
ejq)«a«i»a «Jt tlia gUi^wKp or fa|y lilaMlvad cm co«i^ out ot telatloe ia tha 
iM a ftc lTj «r bgr « ao a >4mi t t o o ot \aoih* 

L«t It bt ■■■Ma i tkit tlw oil Mi diaoelYod cm Mturatloa i» 
roclMtd trem 6$ par aont to 55 por aant by cm irlva* Xf m tmiar hM bam 
preiaeod tJMi wttar aataratloo rawatTMi «t 20 pM cant* Thorotoro, tea frat 
CM aataratloa Mat h«va laaraMti from 35 par aaot ta 25 par oaat in ardar 
to aoaoant far tea total roXami af tea raaamalr* On tea trisaMa plot of 
tela r a aorva lr (flgara X)» thia nmt aatemtlM aoniitlan la ropraaaHtai tf 
point to** 

tf It aa htppaoa teat aana af tea arleinal aannata natar la pradaoad 
ar raaorad tgr tlia $m 4rir»f teait tea Um ii aaaXi toa iiaplaaai to tea laft 
to Indlaata a daaraaaa to bote tea watM fttaration and tea all and dlaaolaad 
gm MtaratlM* 

2* Matar Srlva 

If an idaal watar drlaa altnaUan la aaatM ia d for tea teaaratlcal 
raaaraoir, ttoara vilX toa no praaaara dn^p la tea raa a m lr» no aa^analon of 
tea gaa-Mp» and na dlaaolaad $m aoalng oat of aoXmtion la tea olX* Ttoara* 
forty tea apaaa raaaiad Igr aaato volana aaalt of r aaary olr alX> aitb Ita 
diaaelrod cm atUI In aoXnUony «H1 toa ooonplad Igr m aq^saX aoXona xmit of 
aneroaotols^ ar drlalni natar* tea aatnratlan piatare m tea roaarvolr la 
prodaood bgr tea natar drlra idXX foXXon tea Xlna 10 in flcnra X* 

bat it toa ta aa n a d teat tea oix and diaaoXnad cm aatnratloe toM baan 
rad a oad fran 65 par oant to 50 par aant togr wat<a* dtira* If tea vaaarroir 
p r a a a ar a hM raaMdnad anteancady tea fraa ^ (fiaMMip) aateratlon ranalna 
at X5 par «aet* Tharaforo tea i#atar aateratlan wiat ktm tnaraatad from 
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20 p«r 9m% to 35 cant in ordtr to aoooiiRt for tho total voltaw of th« 
FWMTToir* On tho trictmio plot of tliio roourvelr (fifiiro 1) thlo new 
Mtumtloa oenditlon 18 r^ r oo ont o d point d* • 

3* Codbdaod Ooo «b 2 indoo 

In tho coatoinod gao ond wator drlvo tho foa drivo i« provldod 

olthor msfmMion of tho cao-oip« or bgr osqponoion of tho dlMolYod gao coning 
oot of ooltiti<^ or hgr both* If tho aagnitndoo of tho mtor va& goo driving 
forooo aro ocpol* thon for oaob nnlt voltuao of rooorvair oil prodoood^ tho 
apoeo vaoatod )qr thia unit volwia will bo half oc«Mg)iad tgr froa gaa of tho 
oaqpanding gaa-oip and/or gaa oeadag out of K^lation^ and ho3Lf oeoiipiod by 
oneroa^tlag; or driviag wator* Tho aotaration piotaro aa tho rooorvolr io 
prodaood thia ooiddaad drivo will foUov tho line W in figaro !• Tho aono 
aaturaiion pietara would h^ if tho gaa drivo anergy oam froa tho expondiag 
gooHNg> <wily^ mad no gaa oano oat of oolatioa in tho rooorvoir* 

hot it bo aaoanod that tho oil and diaoolvad gaa aatvration haa 
boon rodacod fron 65 por cant to li5 por cent 'ky a oeahlnod drive wb«r* tho 
wator drivo mad dA'99 aro oqaol. Sinoo tho <K> p«r oont of tho ^;>aee 

vnoatod by tho prodaocd oil and dii aolvod gaa ia oooipiod by frto 

gaa and wator« tho aaturation of oaoh ia Incroaatd by 10 por cent. Therefore, 
ttm froo ^ •fttaratlon boeonoo 25 pbr oont and tho wator oataration boo^sna 
30 por oont* C» tho trlgonlo plot of thia roaorvoir (flguro 1) thia now 
aatnratinn condition ia rapxwiaatod by point o* • 

If^ in a conbiivod diivo aitnation^ tbo nainitudea of tho driving 
forcoa aro not e<c|uai, thon tho oataratlon pictnro will vary preportionally aa 
tha rolativo namitodo of the drivitig foroM. If tho aaa^tudo of tho water 
drivo foreo wKCooda that of ^o gaa drivop thon aero oil and diaaolvod gaa 
will ba roplaood by water than by froo gao^ or tho iaoroaoo ia water aatuaatlon 
will bo groator than tho ineroaoo in froo gaa eeiumtlcn. In thia caaa» tho 
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Mturtti^ pictnr* would b« raproMfited on th« trlgonio plot bjr lyiag 

bttwtwn lino* A6 md A& ia ficiuw 1* 7h« grMtt«r tho diqplAo«Mtnt of r«««rrolr 
oil ^ tho water the eloMr this line will iqpproeeb the line AQ, the dtuatlon 
of ideal water drite* CommxmtXy^, if the gee drive feree were to predoslactef 
then the eetaretion line would lie between line* AC end AB la figure X. 

Free the foregoing dieeneeion, it oea be poeteleted that line# AB and 
AD reprceeet rei|>eetivelj the lielte for idee! gae drive end ideal wat«r 
drive* In othwr worde> when the dhenge in eateratim followe lina AD, the 
driving or dieplaeing feroa ie due entirely to water drive* When the change 
in eaturaiion foUowa line AB, the driidng er dii^laeing feree la dfae entirely 
to gae drive* 

h* Detexvination of the Masnitnde ef Driving Ibroee fro* the Trigonie Flet 
In the foregoing diaoaeeion, it hae been <eitabllirited that the driving 
or dl^>laeing force# are United bgr the ideal eonditioae repreeented Igr linee 
AB and AD* It ie «^^>areeit that any ooei>iaetie>n of gae and water drive will 
reealt in a eataration line falling between theee two Unite* It ie eleo 
apparent that the poeitton of thie line with reapect to the two linitiitg linoe 
will be en Indieetion of the relative mignitttde of the two driving foztwi idth 
reap ect to eaeh other. 

In the eaee idiere the two driving foroee are ocmeidered to be oqunl, 
reeolting la the eatnratioa line AC, the two driving foroee ee^ diapl&ee en 
eqnel enownt of reeervolr oil* hhen the aaoimte dieploeed by each driving 
force are eonadderod ee a ratio, a n»»erleel indioation ef the aegnltnde of 
the driving foroee reeulte* In thie caee, the ratio of roa^rvoir eil diaplaeed 
by gae drive to reeervoir oil diaplaeed by water drive will be lA* ratio 

will ba eaUed the Dieplacenent Indeoc* 

the Diaplaeeaent Index may then be «q>reeeed ee the ratio of the change 
of gae eatwration to the change of water aaturation, that let 
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Rtfvrring to figur* 1 «nd the c«8s where the driving forces are equal, 
point 0 *, t^ cas saturation ohuigea fross 15 per cent to 25 per cent and tha 
eater saturation changes fk'on 20 per cent to 30 per cent, therefore i 

DI * (25 • 15) /(30 - 20) 

* lA 

In the aituation represented by point e”, the gas eat\nration changes 
front 15 per cent to 35 per cent and the water saturation changes fre« 20 p«r 
cent to 25 per cent, therefore} 

DI » (35 - l5)/(25 - 20) 

* 4A 

In the situation rspresented by point o*", the gas saturation ohanfes 
fros 15 per oent to 20 per cent, and the water saturation changes fro» 20 per 
cent to 40 per oent, therefore} 

DI « (20 - 15) /(40 - 20) 

* 1/4 

It is obvious, then, that a Dlsplaeestent Index less than lA *iii 
indicate a {x^cdcxalnant wwtor drive, udille a Dlaplacesent Index greatar thsui 
lA elll Indicate a predosinant gas drive* 

In deteralnlng the Displae«»ent Index tem the change in sAturation, 

It Is necessary to take the different saturations in the proper veoten'ial 
direction, that is, the later saturation cost be deducted fron the earlier 
saturation* k negative Displacesexd; Indsx will result when the free i^» 
saturatl<m is reduced hy a water drive, or the water saturation is reduced hy 
a eaa drive* 
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C. Calcttlatlda of JSfttn for tho Trlgonie Plot 

Xu order to obtain valu<Mi for uao on the irigcmic plot» it la noceeaaxy 
to ha;ve prodoetloa and Idboretoix data that vill pemlt oaleolatlen of (1) 
original aatsratloii oonditlona ef the virgin reeervolr« and (2) eaturation ew* 
dltiona at my tine» t^, after prodXMitico baa atarted. 

Tho eqaatlena to be need in calauXating the original and euecquent 
aatoratlon alU be derived in the fodXoidne paraipn^t. The nostenclatnre need 
in thoae ecptatione la aa foUonat 

- total pore volune of ree e rv o ir, barrela. 

▼og * volono crieinaU^ occt^iad hy oil and diaeolved bbXa. 
Tg • pore voliaae originally ocoi^iad by free gaa (gaa»oap)y bbla. 

Ty - pore voluae originally oeeupied by water (coanate)j^ bble. 

Vog > voluKe of rcaervoir,) in barrela;» oeeopied by oil and diaeolved 
gae after prodootlon to tine t« 

Vg • voliiM of reeervoir^ in barz^ila« oocopied by free gaa after 
pr^etion to tine t. 

IV ~ volano of retervolr. In barrela^ oocupied by water after pro* 
daetion te tiwe t. 

Sog * original oil cad diaeolved gai saturation of reaervolr* 

Sg - original frm gaa aatnratioa of reaervolr, 

Sif • original water eaturation ef reaertoir (oil and gaa»oap aonea). 
aog • oil and dias^ved gaa aataratlon at tint t, 

Sg fret gaa aatnraiioci at tine t. 
a^ - water aaturetlon at Uno t* 

X - baxTcle of atook tank oil originally in place, 

a « ownlative barrola of stoek tank oil produced to tlM t* 












u> 



um 






« 





13 . 



fi • fonMitlon voXuM factori th« ocot^ied ia barrels In ti}« 

reaonroir at pretaore P bjr one bamd ef stock tank oil plus 
tbs gas that viXX dissoXvs in it at 'Uiat pressuro. 

• ori^iiial eaXns of B, 

Ot « soXoMS^ la SCf, of disaolrad gas and fraa gas initially In the 
rsaertoir. 

V « gas imlOM faetorf the voXuas in barrels oocnpiad in t^i« resonrolr 
at prossar* P one SCF tf gas. 

▼o - erigtnal raXaa of t. 

r • disaslTod gasK)!! ratio at any prsssiire P} the xsosSmp of 
3CP of gas la soXation par barrsX of atock tank oil. 
tQ « originaX valao of r. 

« aesalatirs actaaX gas prodaaed to ties ty la 3CP« 

% • cwwXatlrs gas rslniaoted %o tins in SCF. 

np • cs s mXat iro ast gss prodnosd to ties %, in SCF. BqosX to 

tf • casBliitira gross aatar oaeroadMMXt to tiaa t^ in barrels. 

• etttnXatlve ast vatsr «sM»roschiisnt to tins t» in barrels. 

• saiwilitita gross natsr pro^huMd to tins t, in barrels. 

« osMaXatlTe water injected to tUs t, In barrels. 

Vp •> casttlatlTe not water prodased to tins %, in barraXs. 
r • r e a e rw ir prassnre at say tine t. 

Fq « original eaXaa of F. 

SCF - Standard CwMs Fooit one cabio foot of gas at Standard 
Coi^tloiis of 60 *F, ikkI lh.7 psia. 

It abottld be pointed oat that the total pore rolune of the rasarvolr^ 

Yt» !• the pore roltns originally oecwpled by the ooimata wat«r» bF the oil and 
disaolirad gaa^ and by the free gas (gas-oap}« and does not iaclade any of the 
pore welwM of the resanrolr sand that is ooc«g>iad by water below oil*water 
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T)m orlgiiial imW ntiurfttdon mmi in th« trlgoalo plot it dut 
to tht Qonottt wtttr tmiud in iht eH and gmh>mp sonot tt dtitradLstd by eort 
•ntlytlii* 

X, Dtttr«.t nation of Oil tad DitiolYtd Ott Satwratloa 

Tht Tolmo of tho rtttrvoir orlgiatlly octn^lod by oil tad dittolvtd 
gtt it btti dottndatd frow geologiotl infonationji that it^ tht vmibmp of 
acrt-ftoi of prodatlsg fomation ooataining oil and dittoiTtd gat* Tht oil- 
gat iaitrfate and tht odl-wattr interfaot la tht rttorvdLr auat be knotn with 
rtat<mablt aoouraoir* 

If tqatlt tht total port vtlmM of tht reatmoiry ^og oqoala tba 
p^a iroltae (Mrlgiiially oottpiad oil and diatolvtd isatj, end reproaenta 
tha por cant aa^uttion ail and diaaoXvtd gat thtai 
Sog - VTtXlOO 

Tht origiadl voltMt of oil tnd dittolvtd cm in plact la alao ttprttttd 
in t«mt of btrrtli of ttook taal: oil and tho Ibmation volant factor} tot 
Vog - 

tadi 

Sog • W9oAtxl00 

At production of tht rtttnroir procttdt* n barralt (oiantlative) of 
stock tank oil are prodatod and nt tt a rtd under standard conditions of prossuro 
and toaparatart at tho aaifaot* Tha anofant of atoek tank oil ranaining in the 
rttervolr la then (R-n) barralt, and tht ylxmm of oil tad dittolvtd gas ander 
tho not rtaervoir eonditioa it ttprtatod att 
^og “ (R-n)B 

and tht aaturaticm under tht ntw ooaditioat btooetMt 
•eg " (R«*n)RAt * ^00 
2* Oatarainatlon of fVeo Qat Saturation 

Tht volant of tho rettrtoir originally oteapied by frea gat in tht 
ga»H»9 it tlto bttt doieralnad fren geelogioal infonKStlon in tht taat nenntr 
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«0 th« TolstM of oil mi Uioiolfod gu. If Vg oq»»l« th« poro to 1 rm« 

(in bmrrols) orlgintlljr o«»plod hy fro* gna and Sg mpr«o«Rt« th« origlml par 
{Mmt saturation by fro« gaa; 

Sg « 

la datamLnlog tht frao gas saturation as pxodaotioa of tJio resarvolr 
prooaads, seteral faetors Must ba ecsialdarad* If tha resartolr praasura bas 
drof^lHsd ta a valtMi bi^lov tba sataratlon prasaarsi gas in solution In tha ell sin 
avolra sad bacoa» fraa gas. Soaa af this avolvad fraa gas will aotar tha gas- 
esp^ soaa will ba prodacad^ and soae sill ramain in the oil sons in tha frea 
state. Kaeh barrel of rasarvoir oil entering tha wall will alao oontain dissolwad 
ffm that will ba saparatad froa tha oil at tha aarfaec. 

If all gm, frae axkd diaaolwed^ <»*igiaall:f 1* tha rsaanrair is 0 (»- 
Tertad into a soluaa la enbie fast at standard coeditionS| tfaant 
Total gas (S3F) • 0^ • ((Tg/wo)^»Po> 

Aftsr ssMolatlwa standard sntda fast of gas haws baan praduead, tha volune 
of gas rsmlning la ttM rasemoi r will ba« 

Rsasining gsa (^F) «• (0.^ - %) 

Of tha gas nwsslnlng in tha rasarwoirj^ r SCF ara dissolwad in aaeh of ths (H » a) 
barrels of oil rssalntag in tha rwssrssir so the fraa gas rasaining than will ba> 

Fraa gas rsesdaing (SCF) » (<H • - (X - n)r) 

If enaRiXatiTa standard subie fast of gas haws baan injected into tha reservoir^ 
then tha frea gas raasdning in tha rasarvoir sust be iacroasad by this saountf sot 
Free gsa rcnalnlas (9CF) « (G^ - - (X - n)r + %) 

sad % ara fraqnsstlj eoabiaad into a single vslna oaUsd tha cnjKtlatlva nat 

gas produced, Rp. 

To radasft tha fraa gas rsmisdng fros 8C? to bsrrals at raserfoir pras- 
sura s^ teNp«rat«ra^ tha foregoing oq^tion is Matipliad by tha gas volune 
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factor, r, oorr 0 »poadlag to the reservoir pressure ?• Them 

(bbl) * (0^ - Rp - (N - n)r)v 

The firee gas aaturatloo, under the new reservoir conditlcms, is them 

•« " ^ 

3« Deteralnation of Water Saturation 

In the eatabllshsient of the total pore voluae of the reservoir, It la 
considered that none of the pore space is initially oocopled encroached water* 
For this reason, the oil-water interface should be located with reasonablo ac«* 
curacy* Tho amount of connate water occupying pore space in the oil aMM and 
iiaa«<ap sorw is determined ftom core analysis »od electric logs. The connate 
water saturation it then taken as the initial water saturation of the reservoir* 
It Is considered necessary to include this connate water saturation in ths oal- 
eulatione,. ainoe, if soma of it is eventually produced, tho decrease in water 
eaturaticn must be reflected in the trlgonio plot* On the other hand, if no 
connate water la produced and water encroachment is later evident, the subse- 
quent water saturation will be a value higher than the initial saturation which 
was due solely to the connate water* 

During production the degree or ecount of water encroachment cannot ba 
readily measurad* llowaver, sine# by definltiom 

a^. * 100 P*** 

og g w 

and s and s can be oaXculated from prodiactien data. It follows thats 

R 

■ » 100 - (s s ) 
w ' og g' 

Rirthermore, when the values of s^^ and s^ are plotted on the trigonlo plot, 
the value of s^ la automatically aatablished* 

Tha aatiR^liahnant of tha water saturation, s^ at indicated bbove, la 
all that is tieoeesary for ths trigonlo plot* However, if it is dssirad to 
datermlAs the actuad volume, in barrels, of the encroaobed water, tha initial 
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cod •ubc«qu«nt wAt«r s&turatiorui aro utidd^ fiinoei 

«a • W - S„)7t 

in tiiis «({uatloQ i« th« ‘•^tuew of t^o iniMulatl'fie net caeroached water* To 
obtain th« eaaBljKtlViei grots taercMKd^od wator volt»s^ the cweilatlvt voXmo of 
may wat«r prodaeed Must b« tdidtd to (Uid the ooenlatlYt toloiie of aser wat«r 
In^tettd Mwtt bt dtdttctad fron tot 
W « Wa ♦ % « wi 

or tinett 



*a ” % * ^ otwadatirt xiet water proi^ioedji ihmi 

Talwtt for tbt rolwae of me3Kmxitmd water are usualljr calc^dated b;|r 
using the SohU^mlt aattrlal balance sqoationc or siodificationo tberaof , If 
•tteh raluet art atailablt thagr can bt used as a alwHsk oa the imter saturation 
obtained tvm 'tilt trigonle pXot« sincei 

tjj « (V^ W - '^)At 
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IT. TOIOOKAL mmm^ATlQK or ACTUAL Rf:SER¥OIAS 
A* ?h« Scibttl«r ifooet Send Pool 

!• OoTMurtl Doocrlptlon «ad Productloii Hiotor^r 

Th« Soholcr Joimw Sand Pool, dltoovored in S«pt«Mb«r 1931 » i« locatod 
in w«0t oantml Union Cotmtgr, AtIukuma* Tba r»c«a*voir is sn snilelinsl i^o 
tn^, sppmdMito3^ four adlss long, east «idi VMt, mtA otKt sad sns-hslf rUmi 
vide. Kttdawii clossro of tbo resonrolr Is 13$ Tost. Atsrsgs dspth of proiustlon 
Is 1$10> foot, with ths gaiMoll contact at fact and ths i«atczN-oil contaot 

at -7,370 to -7,380 foot. 

Ths rsasnroir rock is eoiqposod of fins to eodiunt tixs sand grains and 
if not onifMst, tmt oonsista of ssndatfins aonea intantparaod tdth ifcaXa. Tho 
averags porosity is 20*2 per ooat and ths svarago p«RM»abillty is UOO nlX- 
lidaxtdos. Gonnata watar saturation Is 3$ p«r CKat. 

Ths orlglnaX yoXuss of ths rsssrsoir, a» <tetsr»inod from coring and 
ticctrle loniag, is X$l»,000 aors-fsat vith approadUsateXy 1^,(X)0 aers-faet sf 
oil sms sod UyOOO aers-fsst of gss-aap. 

Tho fioild sas unititsd in Fsbroary 1$^ and a gas injaetion prograst uaa 
startsd in <foly In July I9bh a vatsr inJocUsn progras was stsrtod* Fr^ 

discorary until the start of gaa indsetdon ths fisld produced apprasisatsly 19 
sdllioa barrols of sH vltli tbs rsssnoir prsssurs dropping froa 3$U8 to l$li2 
psia. TVost ths start of gas indsetion ts Kardtt 1950, tha fiald producad ap- 
protxisatsly 30 nillim barrals of oil wltb a drop in reaervoir pressurs trm 
1$U2 to 1U32 psia. CaraiUl production and prassirs records haus bssn kept on 
this field asd anterial balanos saleulatlons indioato a$^rcociMtsly 100 alXllon 
barrals of stoofc tank dU. origlnaXly in plMs in ths rssonroir. 
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Pro<to««d ham beta twed exc lu elvljr for r4dnJeetloa^ «EC«pi for « 
period la X9UU-4.9i;5 «hea *M«ko n^” WM lo^orted* Ourioe tble period aore 
gee wee lajed^ then prodeoed) idddi reeelted la e decreeee in tho ctuMletlTo 
not gee produced for Jewsery and July 
2* trigonie ?lot of SdielfKr Jo»ea seed Pool 

Flcwd 2 le the trlgonlo plot for the S<^»lar Jcnee Send Pool end corere 
the period of prodectloa froa diecomny of the pool in S^teid>er 1937 to Kerch 
1^. Heeervoir diercoterietice» flnid oluiz«Gt«pietlce end prodeetion date need 
in oelceletlng the relnee for the irigotde plot end theee oelcnleted veluee ere 
ti^&Oeted in Appendix X. 

3« Trlgoael Interpretetien ef the Ferfomenoe of the Scholia* Jcnee Send Peel 
Point A on flgere 2 r^preeente the orlgiiael eeturetion ocesditioa in the 
reeervoir et tiee of dlecorergr. Thle eeturetion casxditlon eeei 

oil end dieeolrid gee eeturetion 63*3 pw cent 
free gee eeturetion 1.7 per emit 

Veter eet«retl<»t 35*0 per cent 

Point B r ep r eee n te the eeturetimi oonditlen in Jeneezy 19U2, eix aenthe 
after gee injection wee eterted. Oil and dieeolred gee eeturetion had dropped 
to UU>8 per centj free gee eeturetion bed iaereeeed to 19,6 per cent, while 
water aetumtloQ had raaeieed prectleelly conetent with e reltB* of 35*6 per cent. 
Since the roloae of the reeen^ir veeeted by the produced oil end dieeolTed gee 
hed been ooec^ied elnoat eolely free gee» it ie evident that the driving 
ao ^n i e a producing the re ee rv o ir between points A end fi wee e gee driwe. mie 
line froa A to B doeely eppnudneiee the eituetion of an ideal gee drive. 

Point C repreeente the eeturetion ewidition et e tiae between fter^ end 
Septeeber 19h7« Be^een points B end C, both wetm* end free gee eeturetion 
laore e e ed ^ iadicetiag e eoeddned water end gee drive as the nocheniae producing 
the reeervoir. The trend of the line between points B end G indieetee that 
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th« CM drive ie slightly pred ow l n e n t or«r the veter drive. The DiapleeeM(tt 
Ind«c for this interval of production ia l.ZhA* 

Point 0 repreaente the Mturation eondition in March 1950. Between 
points C and Q, the water saturation increased while the free gas satwration 
reaained alaoct constant. This fast and tha trend of tha lino betwean points 0 
$ead D indicate that an ideal water drive vm§ the at^waiiaK prodaeing the reservoir. 
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B* Th« Magnolia Hold Ro^molds LIm Pool 

1» dwwraX £NK»C2lpticQ and i^roduetion Hiaioz^' 

Englnoaring data froa the Bureisu of Minaa Seport of Xavaatigatloua 3720 
(X9h3);^ and factual data froB tl«3 Arkenaaa Oil and Qaa CoMidasion aa given in 
Piraon^ have baao aaad for ealaalatlae the valuta for a trigonlo plot of tha 
Magnolia Flald Rtyiiolda Ujaa Pool* 

tha Magnolia field Itaynolda Llaa Pool^ diacovarad in March l?3d> la 
loaatad in Colui^ia County^ Azicanaae* Tha zvMiwrvolr la on a aywnatrlcal anti* 
allnal fald^ 6 adlaa long and 1 1/2 adlaa idda. Kaxlaua cloaora of the raaarvoir 
la 321 foot. 

Tha raaarvoir roak ia act oSlitle liaaatono varying froa a poroua, highly 
paraaablai aoMtiaaa eavaxnooa odlito to danae^ gramtlar Haeatono of low poroaity 
and pamaability* Avarage poroaity ia aatiaatod at 16*62 per orntf and average 
pa ra e aMl ity la lf$00 idlidareiaa. Connate water aaturation ie 20*0 par etmt. 

Tha original voluaa of tha raaarvoir la lil9*?S0 acre-feet with 3liS»550 
aara*foat in tha oil aona and 7U»000 aetra faat in tlia gaa-e^[>. 

PToat diacovary witll dune 19h6f tha raaervoir had producad a^proxiaatoly 
53 Billion barrala of oil and 52 billion cubic faat of gas, with a drop in 
raaervoir praaaura fron 3«U60 to 2,618 paia. Tolanatrla oaleulationa indioato 
that iq;>proxlaataly 2Ut sdlllon barrala of atoek taidc oil ware originally in place 
in the reaervolr* 

2. Trigonie Plot of the Magnolia Plaid Reynol^a Iliia Pool 

Figure 3 la tbm trlgonlo plot of tha Magnolia field Hapnolda Uoa Pool, 

«id aovara tha period of production fraa diaoevary in March 1938 to June 19U8. 
Raaarvoir <rt)aracteriatica, fluid ^laractarlatica and production data uaad ia aal* 
culating til# vmluaa for the trigemie plot «ai thaae ealeulatad valuaa are 
tabulated in Appendix IX. 
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3. TrisonaX Xst^opratatlon of tb« Perfonaiuioo of th« Ka^noXl* Flold E«gfnoXdl» 
Xdmi FeoX 

Point A m figttro 3 r<&pr%emiM ih* origlniX Miorittloa condition in tbo 
rMorvoir at tim of dioooTory. Thio aaturatlon condition inui« 

Oil and dloaoXvod sat aatoration 65.9 per cant 
frm% gaa aatnration Xit.X par cant 

Matar aataration 20.0 par oant 

Point 8 rapraaanUi tita aataration condition at apprcndnataXjr duna X9ldt» aXaoat 
aix yaara aftar diaaeraty of tha raaaraoir. OiX and diaaoXTad jgaa aataration 
had droppad to ^.8 p«r cant* fraa gaa aataration had Inoraatad to 20.3 par oant, 
and watar aatarati<» had IxMsraaaad to 2U.9. *!ha Iticreaso in both the fraa gaa 
tfid tha water aataration indicate that a ao*d>inad water li^ gaa drii^ waa tha 
driving waohaniaa producing tha raaanRir daring thla period. Tha tr<md of ^ 
Xine batwaan pointa A end B IVrthar indiaatasthat tha aagnittada of ^a gaa driva 
waa about a<|aaX to tha nagnitada of tha mtar drive, ^a 0iapXaoaMQt Index for 
thla IntarraX of preduetion ia X.06/X. 

Point C r«{>ra«mts tha aataration eonditlaci on JO, X9U8. Batwaan 
pointa B and G tha water aataration Ineraaaad wkLXa tha fraa gaa aataration 
ranaiaad aXwott oonatant. Thia fact and tha tr«ad of tha Xina batwaan pointa B 
and C indiaatiethat a water driva> approaching tha idaaXjp was tha atachaniaa 
prodweiag tha raaarvoir. BiapXacanaat Indax for thia intarvaX of prodaetion ia 

xAo.U. 



4 



.a 






•it ^ 



m 4 



ttm 

ImI 

mm 






«iK!l 




wm mm lA^ U 
urn 99^ ^ ***^ ^ 



mm ,t*M 



•il w 

«wA im «Ai %• 



99 m M 










9 k 



f«t «k>f 



2h 





25 . 



C. Cc»Rp«riton of th« rerfor»«nc« of th« Tmo Roaorvoirs 

Th« drlTing K«<^ani«m for t!i« ijiitl«LL phtM of production of the Sebuler 
JonM Sand Fool (lino AB, Hcure 2) wia aainljr « dloaolvoci ga» drlTO. Thl« la 
alao Indicatad 1:^ th« appreolabla dsMsp in roaarvoir preaaora duriac thla phaaa* 

Tha driving naobanlfM for tba ateond phaaa of prodaetion (lino BC« flguro 2) waa 
a coai»lQa<i water and gaa driva, and for tJto ^Ird pbaae (lint CD, flgura 2) waa 
a water drive. 

The drivlr^ neobanian for tha initial phaae of production of tha Hagnolia 
Field Reynolda Llae Pool (line iB, figure 3) waa a coafcined water and gas drive, 
and for the aacond phaaa (line BC, figure 3) waa a water drive. The iaMediate 
driving effect of the water drive in the Kagpr^lia Flotld Re^rnolda Liae Fool would 
iwlicate a hard«r v§Xw drive, in thia pool, than in the Schuler Jc^es Satid Fool. 
Tha higt»r par»eahl,lity and the axlatenee of cMm»moua spaoea in the H<^piw>lda 
liaaetone would act, in part, to aaaiat In the rapid encroaelasont of drivlsHS water. 

Durlne the ooadslzHWi water and gee drive pbaae and the water drive phaaa, 
tha parforaance of both reeervolrs was ranarhablif sinllcr. the oil and 

dissolved gas saturation had been decreased by 10 par cent to 12 per cent, by 
conbined wetin* and gas drive, the water drive took over as the driving neChanlsa 
producing the r ese rv o ir. Ibis chenga-over fro* a conbined drive to a water drive 
possibly is due to the increase in the water relative peraaability thet &ccoapm- 
iee the incroaae in wat«r eaturation. Kowever, it west be pointed out that the 
water saturation indloated ly the irigonie plot is not the water saturation 
throughout the entire reservoir* ttie water aa^iration in the portion of tha oil 
tone inva^ by water will be very high, while the water aataration is the ua- 
invaded portion and the gas<-oig» wtH be due to connate water only. It la the 
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hl^ wUr nXMtlw rMuIUsig fTo» th« high wat*r (MLtttzmtlon In 

th« lirmd«d MM, that ataiatt in imking the wattr <lriM pradoninate. 
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V. DISa'SSICMJ 



ifhiX* the trigonic plot will provide & means of interpreting the orer-all 
perforwinc# of a producing pitroleucs reservoir, it has certain «iefinite limi- 
tations • 

The jarimars’ lialtation of the trifonlc plot is that it will not dis- 
tinguish of Itself betreon a dissolved gas drive and an expanding gas-cap drive* 
This lloitation appliee to both the ideal gas drive situation and to the gas 
drive portion of the combined eater and gas drive situation. 

In using the trigonlc plot, it isust be kept constantly In mind that the 
saturations given by the plot are the gross saturations for the entire reservoir 
and are not the saturations In different parts of the reservoir. The trlgonic 
plot does not reveal vhat portion of the free gas is in the gas-cap find what 
portion la in the oil tom in the free state. Simil^ly, the trigonlc plot will 
not reveal hew much oil remains In that portion of the reservoir invaded by 
encroaching or driving water. This la particularly important since it is the 
oil recovered that pays for the coat of production. 

In the development of the trigonlc plot as a weans of interpreting 
reservoir porforwance, a theoretical reservoir having free p« in a gas-cap and 
a water drive was assueod. The actual reservoirs used for Illustration also had 
gas-cape and water drives. The trlgonic plot can be used for s reservoir that 
has a water drive and no gas-cap, if, at aqy time during productiew), firee gas is 
present in the reservoir, l^re there Is no water drive, the saturation picture 
on the trigonlc plot will follow the Ideal gas drive line AS, figure 1* 

It should also be pointed out that, in the final stages of primary re- 
covery, tdiere the reservoir pressure is Icar, the water drive will produce or 
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«3g;>«X free s«8 (U well oil end dl««>Xved gaa* On the trig«ile |>Xot> thle 

aitoetlon voold reeult In a trend ef aaturetloa condition* indicating that the 

water drlwe la exoeedli^ tho U*dt eetahllahed for the ideal water drlTt. 

In re^^eet te the realdual oil left faisr a water drive. It li of Intereat 

to note the reeelte obtained In the laboratorsr ty Eolmgren^ who weed gee and 

water drlvee «t a long core of iellle Bly i«3tdet<»ao, and thm {neaeurod the 

realdwal oil* Holegren coiisltKled t^tt *Haintenenoe of Initial gae aatxnratlon 

by gee injection, together with an inereaeo in water eatwratioo hy water Ix^wt, 

reawlte in lower final oil saturation. * Tha effect* of froe gae saturation on 

oil recovery by- water <hl.va hae been Inveetlgated Holo^ren and MoxW^ , welng 

the long oore of leUie Bly eendetone* They con^ude thatt 

*1Rie prodnetion ef oil by water flooding oen be awbetantiaXIy 
Incroeaod tj the aalntenanoe of free gae eatwratlon in the retervoir 
during the flooding operation. This effect is acoo«$3liahed by 
the alteraticm of eil relative peraaebillty ^baracterietios and 
the ooenpation tsy gee of pore ephoe that would otherwiae be filled 
with reeiduel oil.* 

If the foregoing ooDOlneionB axw implied to the trigonio plot of the 
perforwanee of e retervoir, an Indioetloa of ultieat® oil reoovary can be obtained. 
That in, if the 1»dgonic plot ihoww m eppredable free gae eaturation during 
the waitn* drive pheee a higher ultimate recovery oen be eigieetcd than if no free 
gaa iKoe prment. However, it auet be ren ee fc ored that the free gae aatoration 
given by the trigonie plot does not dietinguish between free giui in the gas-u^ 
and free gee in the eil sone. 

It i^peezw then, that, in the cate of an evtihliehed active water drive, 
it might be deeirmble to ineuro the presence of free gas in the oil sone by 
gradual or periodic flash r^uction of the resemiir pressure. This would have 
the sane effect as maintaisiing, to a degree, a c(»d>iaed water and gas drive in 
the rea«veir. 
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VI. C0MCUJ3X0XS 

It oan be oomeXudad within its Xlmitotioiuijr the trlgonio plot of 
the perfonwHiee of e producing petrelcxm reeervoir vULt 

(e) provide m tUkulL reprceontetion of the anterieX beleaee 
of the reeerroir cOBf>oneRt«} 

(b) indicate ^e imtnre ef the driving K«chania» prwiueing 
the reeervoir} 

(c) indicate the relative Mcgnitudee of the two driving 
forcea when a oosd>iaedi drive mec^haniee ia producing 
the reaorfolrj 

(d) iaiioate the diaoge trom <mmi driving naehanlan to 
«Oth«T} 

or, to aiMMarltd, will provide the mane for aakiag a trigonal interpretation of 
reeervoir perforeenee. 
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TABLE X 

SCKOLfil JOXZS SABD KOh CHAHACTSliXSTICS 



!• nmnroir Cb«moterlfftie«^ 



tot«l E«Mrvoir voltiMi 
Origlatl oil rotorvolr ipoIoimi 
O rieiatl gaa«e^ volvae 
Poiooity («Msrii>so) 

Coonato wotor Mturotion 

2. flxiid Chaunici«rltiicM[i^ 



l$li,000 aoro-foot 
1^,(XX> «or»*X««t 
k$000 «cre*foeit 
20.2 p«r o«at 
35*0 p«r OMti 



OrigiziAl rotorvoir proMore 
Oriiliiil rmmmir t««porfttur» 
Oidsioil diaoolmid gM*oil r«iio 
OrigiiiiX foraatlon ydIum factor 
Original gaa itoImm factor 



35^0 pda. 

190*r. 

770 cu. ft. par bbl. 
1.U52 

o.ax^as 



3. Eqaationa tvm Uttratarc^ aaad far dotersdning dlaoolTad gaa^oll ration 

foraatien aalvnia factor and gaa voluao factor at any proaaura f, in Uba. 
par aq. la. idMi.« above 3002 »ia 



r • 0.033i»P 18.65 oil. ft./cu. ft. 

B « 6.0 a 10"5? ♦ 1,168 

V « 0«062? • it in SCF of gaa aqfiivalt»t to one oublc foot of gaa 
at raaorvoir oonditiona 



U. foliMMa aaad ia calaalationa for trlgtado plot baaed on volvuttotrio ealculatioe 
frcM gaalo^io data 



Fog 

nr 

li 

Ot 



• Total pore volaaio of raaarvoir 

• f<»ra volaao originally oo<n^ad 

by oil and diaaolvad gaa 
- Fora volUMa originally octsupiod 
by fraa gaa in gaannip 

• Pare volaMo originally occapiad 

by oootiata natar 

« Stook tank oil originally in plaea 
« DlaaoXvad and fraa gaa origixailly 
in place 



21tl«3b0«000 barrala 

1$2,790>000 bazTola 

U,080,000 barrola 

8itfU70»000 barrala 
105«270,000 barrala 

85.F6 bnnaa on. ft. 



mil 



a 




TABLE II 



PRODUCTION DATA^^ AND SATURATION CALCUUTIONS; SCHULER 



End of Month 


Reservoir 
Pressure, 
Pj psia 


Cumulative 
Oil Produced 
n; 10^ bbl 


(N - n) 
10* bbl 


B 


(N-n) B 
10^ bbl 


(N-n)BAt 
®og; % 


Cumulative Net 
Gas Produced 
Rpj 109 SCF 


Dissolved Gas 

Oil I^tio 
r: SCF/bbl 


September 1937 


351*8 


— 


— 


— 




63.3 






July 1938 


3153 


2.818 


102. U5 


1.1*20 


1!*5.81* 


60.3 


1 

2.59 


695 


January 1939 


2813 


6.030 


99.21* 


1.393 


138.21* 


57.3 


5.87 


631 


July 1939 


2533 


8.751 


96.52 


1.371 


132.33 


51*. 8 


9.22 


579 


January I9I4O 


2318 


11.259 


91*. 01 


1.353 


127.20 


52.7 


13.17 


539 


July I9U0 j 

i 


1978 


13.998 


91.27 


1.326 


121.06 


50.2 


' 18.63 


1*75 


January I94I 

S 


1658 


16.552 


88.72 


1.301 


115.1*2 


1*7.8 


21*. 97 


ia5 


July 19Ul - 


15U2 


19.006 


86.26 


1.291 


111.36 


1*6.1 


28.71* 


391* 


January 19li2 


1521l 


21.1*71* 


83.80 


1.290 


108.10 


1*1*. 8 


29.33 


390 


July 19i*2 


1510 


23.722 


81.55 


1.289 


105.12 


1*3.6 


29.79 


388 


Januaiy 19i*3 


11*97 


25.927 


79.31* 


1.288 


102.19 


1*2.3 


30.05 


385 ■ 


July 19U3 


11*90 


27.922 


77.35 


1,287 


99.55 


1*1.3 


30.21 


381* 


January 19Ui 


11*96 


29. 810 


75.1*6 


1.288 


97.19 


1*0.3 


30.26 


385 • 


July 19Uii 


11*96 


31.617 


73.65 


1.288 


91*. 86 


39.3 




















30.1*8 


385 


January 19U5 


11*89 


33.350 


71.92 


1.287 


92.56 


38.1* 


30.1*2 


381* 


July 19U5 


11*98 


31*. 987 


70.28 


1.288 


90.52 


37.5 


30.37 


385 


March 19^6 


11*88 


37.161 


68.11 


1.287 


87.66 


36.3 


30.51 


383 ■ 


August I9U6 


11*91* 


38.538 


66.73 


1,287 


85.88 


35.6 


30.56 


385 


March 19li7 


11*71 


1*0.1*32 


6U.81* 


1,286 


83.38 


31*. 6 


30.85 


380 


September 19tt7 


1U61 


1*2 .061* 


63.21 


1.285 


81.22 


33.7 


31.38 


378 


March 19li8 


11*51* 


1*3.698 


61.57 


1.28U 


79.60 


32.8 




















33.17 


377 


September 19U8 


11*71* 


1*5.319 


59.95 


1.286 


77.10 


31.9 


33.81 


381 


I-Iarch 19li9 


11*29 


1*6.898 


58.37 


1,282 


71*. 83 


31.0 


31*. 57 


372 


September 19li9 


11*37 


1*8.197 


57.07 


1.283 


73.19 


30.3 


35.23 


371* 


March 1950 


11*32 


1*9.1*12 


55.86 


1.283 


71.67 


29.7 







JONES SAND POOL 



(N - n)r 
10^ SCF 


(N - n)r 
109 SCF 


Gt-[Rp+(N-n)r3 
109 SCF 


V 


= 10^ bbl 




100-(sog+s ) 
a_ . ^ ^ 


— 


— 


— 


1 




1.7 


35.0 


71.20 


73.79 


12.17 


■ 0.00093 


11.32 


ii.7 


35.0 


62.62 


68.1*9 


17.1*7 


0.0010^ 


18.31* 


7.6 


35.1 


55.89 


65.U 


20.85 


0.00116 


21*. 19 


10.0 


35.2 


50.67 


63.81* 


22.12 


’ 0.00128 


28.32 


n .7 


35.6 


1*3.35 


• 61.99 


23.97 


j 0.00151 


36.20 


15.0 


31*. 8 


36.82 


.61.79 


21*. 17 


i 0.00100 


1*3.51 


18.0 


31*. 2 


33.99 


62.13 


23.23 


j 0,0019li 

1 


1*5.07 


10.7 


35.2 


32.68 


62.01 


23.95 


0.00197 


1*7.18 


19.6 


35.6 


31.61* 


61.1*3 


21*. 53 


0.00199 


1*8.81 


20.2 


36.2 


30.55 


60.55 


25.1*1 


0.00201 


51.07 


21.3 


36.1* 


29.70 


59.91 


26.05 


0.00202 


52.62 


21.8 


36.9 


29.05 


59.31 


26.65 


0.00201 


53.57 


22.2 


37.5 


28.35 


58.83 


27.13 


0.00201 


51*. 53 


22.6 


38.1 


27.62 


58.03 


27.93 


0.00202 


56.1*2 


23. U 


38.2 


27.06 


57.1*3 


28.53 


0.00201 


57.35 


23.8 


38.7 


26.09 


56.60 


29.36 


0,00202 


59.31 


21*. 6 


39.1 


25.69 


56.23 


29.71 


0.00201 


59.92 


21*. 7 


39.7 


21*. 61* 


55.1*9 


30.1*7 


0.00205 


62.1*6 


25.9 


39.5 


23.89 


55.27 


30.69 


0.00206 


63.22 


26.2 


1*0.1 


23.21 


56.38 


29.58 


0.00207 


61.23 


25.1* 


ia .8 


22.81* 


56.65 


29.32 


0.00201* 


59.81 


21*. 8 


1*3.3 


21.71 


56.28 


29.68 


0.002UL 


62.62 


25.9 


1*3.1 


21.31* 


56.58 


29.39 


0.00210 


61.72 


25.3 


l*l*.l* 


20.81* 


56. U* 


29.82 


0.00210 


62.63 


25.9 


1 ( 1 *. 1 * 
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TAfll^ ni 

CALCOUTED SJLTWIUTDOU fiUJOES USED FOK TR3DQOIIIC PLOT OP 
SCKTUSH .lOKES SAKD POOL 



Si^ of Month 


«og 

Pur Cant 


H 

P«r Cuet 


■w 

Pur Cunt 


StptflBtbor 1^7 (inltiaX) 


63.3 


1.7 


35.0 


JvHj 1938 


60.3 


li.7 


35.0 


Juwmry 1939 


57.3 


7.6 


35.1 


July 1939 


5U.8 


10.0 


35.2 


Janoixy 19i(0 


52.7 


11.7 


35.6 


July 19hO 


50.2 


15.0 


3U.8 


Jaauitry 19iil 


1*7.8 


IS.O 


3U.2 


July 19U 


U6.1 


18.7 


35.2 


JitziMuy 19U2 


liluS 


19.6 


35.6 


July 19hSi 


U3.6 


20.2 


36.2 


Januuiy 19U3 


1*2.3 


21.3 


36.1* 


JtOy 19^ 


ia.3 


21.8 


36.9 


Jiznutry 


1*0.3 


22.2 


37.5 


July 19W« 


39.3 


22.6 


38.1 


J«si«ry 19li5 


38.1* 


23.k 


38.2 


July 19ii5 


37.5 


23.8 


38.7 


Maruh 19U6 


36.3 


21*.6 


39.1 


Ausuut 19U6 


35.6 


21*.7 


39.7 


Kurd! 19^7 


3U.6 


25.9 


39.5 


S«pt«Rb«r 19^7 


33.7 


26.2 


liO.l 


Kuruh 19U8 


32.8 


25.U 


1)1.8 


Suptmbur 19U8 


3X.9 


2I*.8 


1*3.3 


hur^ 19U9 


31.0 


25.9 


1*3.1 


S«ptot8l>«r 19U9 


30,3 


25.3 


t*l*.U 


Mur<^ 1950 


29.7 


25.9 


1*1*. U 



OiLVl 


Mj9d 


«• 00 MUV 1 
Jem dbc 4aJ4tf 

ii£» 




rj 


bO 




f.4 


tdOi 


ijm. 


4.1 


? f< 




Ml 


4.41 










0.41 






OJU 


t.ri 
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T.U 
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UU 
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iM 
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<uc 


fM 
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X«« 


A.ii 


€.41 


t4l 


f.41 


Me 
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M( 


SM 




1.0 
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l«« 
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TAm Vf 

mmouk nx3j) like fool cBAHAcmisncs 



1. Revarvolr Chatnu$t«rlttlo»^ 



TotftX rvacrvoir voltuM 
Orii^lamX oil TQweertotr vsltiM 
OriiiMl gmi*e4i^ -voIum 
Porosity 

Oonaat* wster aatirfttien 

2, fluid Chantotorlatioo^ 

Origiiud rotenroir praaaitre 
Original raaarvoir ttos»azatura 
Original diaaoliad gaa-oil ratio 
Original fomation yoIum factor 
Original gaa 'folme factor 



hX9,S$Q aera-faot 
3i*5»550 acsro-faet 
7U«000 acra>fa«t 
16*52 par cant 
20*00 par cant 



3iU50 paia 

206*r. 

855 aa« ft. par bbl 
1.U76 
0,000395 



3. VoltttMM lined in calcalationa Ibr trigt^e plot banad on volunatrlc 
calcQlatioon fnaa geologic data 



% • Total pore 'volniae of renarroir 
fog ** ^ore inkLnKa originaily occv^lad 
1:^ ail and dinaolvad gan 
fg - Pore voltuaa origisaally oeoe^iad by 
free gan in gan.>oip 
Vv » Pore rolnBto arlginally occupied 
by oonnnta watar 

I • Stock tank oil originally in 
plioa 

0^ * Dianolvod Mid froa gan originnlly 
in plana 



5U7f500,000 barraln 
360» 700,000 barraln 
77,300,000 barraln 
109,500,000 barri^ 



2Ui,ii00,000 barraln 



295.3 biUicn cu. ft. 



Jll 



tr 










lAl ^ ^ 

tmoirntf 



U09mt m^OCfTMi 
««M0 oec.,««,f9 






.19 tirfcf t.4«l 
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PRODUCTION DATA AND SATURATION CALCUUTIONSj MAGNOLIA FIELD REINOLDS LIME POOL 



Ekid of Month 


Reservoir 
Pressure 
P; psia 


Cuinalative 
Oil Produced 

nt 10^ bbl 


(N - n) 

106 bbl 


B 


(N - n) B 
10^ bbl 


(N - n)BAt 

=®ogj ^ 


Dissolved 
gas-oil ratio 
rt SCF/bbl 


(N - n)r 
10^ bbl 


Cumulative 
Gas Produced 

Rftj looser 


«a "•* 

(N - n)r 

10^ SCF 


i 

Ot”CRa+(N-n)r] 
109 SCF 


V 


^Qt-&aHN-n)r3)v 
ts v«; 10^ bbl 


~ Sff % 


100-(8og+Sg) 

= 8„J f 


Initial 


31*80 


— 




— 


— 


65.9 


— 


— 


— 


— 








Ik.l 


20.0 


June 1939 


3385 


1.0 


21 x 3 . h 


1.1*86 


356.8 


65.2 


833 


202.8 


0.9 


203.7 


91.6 1 


1 0.00091 


83. U 


15.2 


19.6 


June 19 hO 


3303 


7.5 


236.9 


1.1*58 


31*5.8 


63.1 


8lit 


192.8 


6.6 


199.1* ' 


95.9 


1 0.00093 


89.2 


16.3 


20.6 


June 19iil 


3190 


11 a . 8 


229.6 


1.1*1*6 


332.0 


60.6 


788 


180.9 


13.1 


191*. 0 


101.3 

1 


0.00095 

1 


96.2 


17.6 


21.8 


June I9U2 


3093 


21.6 


222.8 


1.1*36 


319.9 


58.1* 


766 


170.7 


19.1 


189.8 


105.5 i 


0.00098 


103.1* 


18.9 


22.7 


June I9U3 


3030 


27.8 


216.6 


1.1*28 


309.3 


56.5 


751 


162.7 


25.lt 


188.1 


107.2 


0.00100 


107.2 


19.6 


23.9 


June 19Uli 


2975 


33.5 


210.9 


1.1*23 


300.1 


51*.8 


738 


155.6 


31.2 


186.8 


108.5 


0.00101 


109,6 


20.0 


25.2 


June 19ii5 


2899 


38.8 


205.6 


1.1*15 


289.5 


52.9 


720 


11*7.3 


36.8 


181*. 1 


111.2 


0.00103 


Ui*.5 


20.9 


26.2 


June I9U6 


2883 


U3.6 


200.8 


l.la3 


283.7 


51.8 


717 


llil*.l 


1*2.0 


186.1 


109.2 


0.00103 


112.5 


20.5 


27.7 


June I9U7 


2850 


U8.3 


196.1 


1.1*10 


276,5 


50.5 


710 


139,2 


1*7.2 


186.1* 


108.9 


o.ooloU 


113.3 


20.7 


28.8 


June I9U8 


2818 


52.8 


191.6 


1.1*07 


269.6 


1*9.2 


702 


13l*.5 


52.2 


186.7 


108.6 


0.00105 


Uit.O 


20.8 


30.0 




1 




i 



m 






I 



I 

t m.. 
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YABLfe n 

CALCULATED SATURATIOII VALCES USED FOR TfilOOillC PLOT OF 
immx.u FIELD aSXIfOLDS LIKE POCiL 

•os »g »w 



End of Konl^ 


For Cont 


For Cfcit 


Per Cont 


Kerch 1938 (Initlel) 


69.9 


llt.l 


20.0 


June 1939 


69.2 


19.2 


19.6 


Jime I 9 U 0 


63.1 


16.3 


20.6 


19^(1 


60.6 


17.6 


21.8 


Jvec 19U2 


98.U 


IS. 9 


22.7 


J«n« X9U3 


56.5 


19.6 


23.9 


I9UU 


9U.8 


20.0 


29.2 


Jtm 19lt9 


52.9 


20.9 


26.2 


ilii&t 19li6 


51*8 


20.5 


27.7 


Juno 19l? 


90.9 


20.7 


28,8 


Juno 19US 


ii9.2 


20.8 


30.0 



a t iii 



JO 



mu0 



tmj msmcm 



^<9 

*ax 

dJtt 

9,M 

T.O 

1*Ct 

LM 

T.TI 

a,«i 




IhU 

S.II 

f.4C 

d.TX 

a.tl 

0,01 

uea 

a.£i 




x.e» 

6«a 

A.R 

tuia 

I.R 

t.4» 



Uiii#JbR) 



Mif 

mmiiiit 
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